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^ (54) Title: NON-TOXIX AMOUNTS OF PRC)TBIN- AGGREGATING SUBSTANCES STIMULATE HSP^^ 
FUNCnON AS ANTI-TUMOR AGENTS 

00 

(57) Abstract: The present invention relates to the use of a drug inducing intracellular protein aggregation for the preparation of a 
2 pharmaceutical composition wherein the drug is in a dose of 135-175 mg/m2 body surface for the treatment of a tumor, a bacterial 

infection or a viral infection. Preferably said drug is selected from vincristine and paclitaxel. The present invention further relates 
^ to a method, of treating a patient suffering from a tumor, a bacterial infection or a viral infection comprising administering to said 

patient a drug inducing intracellular protein aggregation in a dose of 135-175 mg/m^ body surface. It is preferred that said drag is 
^ administered in combination with heat treatment. 
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Non-toxic amounte ot p«,teln^gg«sallnB substances sUmutete HspTO 
expression and function as anU-tumor agente 

The present .nven«on relates to «,e use o. a drug Indudng imra»«u.ar pro* 
aggrega«cn ,or «,e prepara,on of a pha,maceu«cal composftion w^ere. *e « 
,„ a L 0. 135-175 mg/^ body surface for the treatment of a tun»r, a ^r^ 
infection or a viral infeoUon. Preferably said <^ Is selected from v,n»«t.ne and 
The present inven«on further relates to a memod of trea«ng a pa.»n, 
from a tumor, a bacteria, infedcn or a ^ra, infection compn.ng 
adminis ertng to said patient a drug inducing inUacellular protein aggregat^n , a 
alT^ 135-175 m^m^ body suHace. It . preferred that said d™g Is admrnrstered ,n 
combination witli lieat treatment. 

The specfficaticn rentes a number of prior art documents. The dfeciosure c^ent of 
«,ese documents Including manufacturers manuds, is herew«, incorporated by 



reference. 



20 



25 



30 



FCWng pttysical as well as chemical stmss me synthesis of heat shook pm.e« 
(HSP) il^ P'« as woii as euKa^oUc ceils in order to prefect the «^ 
L em. damage. Under phys..gicai cond«ons <3^°°> 
HSP fulflU imp^tar* funCons ^ as chaperoning proteins dunng synmes , f^S- 
transport, assembi,. and p«.teln degradation (Hart, 1996-, Csermeiy 2001)^ Hsp™; 
the Lior stress-lnduclb. member of the HSP70 famiiy, «~ '^^^^ 
cytoplasm to the nucleus fdlowhg stress. Beside their chaperon,ng fun^cn, HSPTOs 
a^ to Play important roles In cancer immun«y either as earner p^- ^r 
tumor-spsoiflc peptides (Blachere ef af. 1997), as ^'-^^^^^^'^^^^^^^ 
Coklnes (Asea e, a,. 2000). or as stimulators for NK « 
Recently a receptor-mediated uptake l«s been descnbed for HSP-pept,de 
Hecenoy, a k Ht!P.ohaDeroned tumor-derived 

complexes Into antigen presenting cells (APC). "^^^ , 
peptides are re-presented on maior histccompatibility anUgen complex (MHC) dass 
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complexes into antigen presenting cells (APC). HSP-chaperoned tumor-derived 
peptides are re-presented on major histocompatibility antigen complex (MHC) class I 
molecules, and thus elicit a CDS mediated T cell immune response (Basu et ai 2001 ; 
Binder ef a/. 2000; Nakayama ef ai 1999). An unusual plasma membrane 

5 localization of Hsp70 was detected that correlates with the sensitivity of tumor cells to 
lysis mediated by natural killer (NK) cells (Multhoff etal. 1995a; Multhoff et ai 1995b; 
Multhoff etai 1997). Furthenmore, it was demonstrated that physical (i.e. heat), as 
well as chemical (i.e. ET-I8-OCH3) stress selectively increases the amount of 
membrane-bound Hsp70 on tumor cells, but not on normal cells (Botzler et ai 1999) 

10 and thus renders them better targets for NK lysis. 

In contrast to these findings that demonstrate an immunostimulatory capacity of 
Hsp70, high cytoplasmic Hsp70 levels have been reported to contribute to anti- 
apoptotic mechanisms in different tumor cell systems (Wei ef ai 1994; Gabai et ai 
15 1998; Jaattela et ai 1998). Because of this dual activity of Hsp70. it is important to 
study not only the amount, but also the cellular and subcellular localization of Hsp70, 
to understand Its specific immune function. High intracellular Hsp70 levels in prostate 
carcinoma cells are associated with drug resistance (Roigas etai 1998). 

20 Cytarabine and ifosfamide are potent antineoplastic drugs with a broad spectrum of 
biological activities. Both compounds affect replicating cells and interact with DNA. 
Cytarabine, a pyrimidine antagonist that is converted in arabinosyl-cytosintriphosphat 
by kinases, is most efficient in the S phase of the cell cycle and therefore 
predominantly affects viability of rapidly growing cells (Grant 1998). Cytarabine 

25 undergoes phosphorylation by deoxycytidine kinases before its incorporation into 
DNA, which finally results in cell death. Clinically, cytarabine is applied in the 
treatment of acute lymphoblastic leukemia (ALL), Non-Hodgkin lymphoma (NHL) and 
acute myelogenous leukemia (AML). The oxazaphosphorine ifosfamide is most 
frequently used for the treatment of solid tumors. In vivo, ifosfamide is metabolically 

30 activated by hepatic mixed-function oxidases into 4-hydroxyifosfamlde (4-OH-IF) 
which is decomposed to alkylating mustard (Zaiupski and Baker 1988; Multhoff et ai 
1995c). The DNA-alkylating and crosslinking activity of the mustard induces cell 
death especially m proliferating cells. The remaining metabolites are acrolein, 
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aldocyclophosphamide/ aldoBoslamlde and chte^aoetaldehyde «Wch are produced 

*1J J,y active form a. Hos.a..de, for In *o ^s«ga«cns «,e prodrusj. 
idrcperoxyKosLde (4.00H..F, was used. wMC in aqueous s.u.»r« -ap.* 
„L rise to phan^acologicaliy equlvden. amounte o. the acUvated fonn o^ 
Lamide (40H-IF). Vincristine is used either as a single agent or ,n combina^on 
r^ostalide, methotrexate, and cytarabine in a nuntber o, soiid *.mors and ,n 
Teloicg^i n^iignancies including ALL, Acute Non-Lyn-phobias^ UuKe™« 
^) or Non-Hodg* Lymphoma (NHL). Nfincnsttne Is known to b,nd m«™.ub* 
prateins, inhibHs ^ mrtotic spindle formation and thus causes an a^st ,n tta 
Letaph^se of mitosis (Giddlng ef al. 1999). Paditaxei, the effective compound of 
is used for the treatment of ovarian and mammary carcnomas 
(Eisenhauer e, si 1998). It is assumed ma. paditaxei binds to tubulin dimers and 
ITdlsabtes the dynamic reorganlza^on of me tubular network dur^g the act«e 
interphase and du^g mitosis. It supports the formation of microtubuU aggregates 
and inhibits their depoiymerization (Kingston 2000; Snyder e( a). 2001). 

A slg*ant Vantage of the state of the an cancer treatment us^g any d me 
^ recned an«..umor drugs is the recognized necessity to adm,n,stor s.d m s 
, ,„ .latively ..gh «.r«entrations. These high concen.ra«ons are ,„ ^o""* 
for tumor cells but also for non-tumorous cells. As a consequence, a pa1,ent treated 
„«h me p^scrtbed regimen o, any of mose drugs suffers from 
effects. Simta p^Mems w«h seve« sWe effects are ohen encountered ,n me 
treatment of bacterial or viral infections. 

' ,n view of the above, me techn^al p«.blem underlying the present invention was to 
provide means and memods for an essentially efficacious treatment, ,n partK=ular 
Lors but also of bacterlai or viral infections mat is not accompanied by said severe 
adverse effects. 

" The solution to s^ technic«i pmblem is achiev«. by providing me embodiments 

characterized in the claims. 
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Thus, the present invention relates to the use of a drug inducing intracellular protein 
aggregation for the preparation of a pharmaceutical composition wherein the drug is 
In a dose of 135-175 mg/m^ body surface for the treatment of a tumor, a bacterial or 
viral infection. 

5 

In accordance with the present invention, the term "intracellular protein aggregates" 
Is intended to mean an aggregate of proteins that does not normally or under 
physiological conditions occur in a viable, non-tumorous cell. However, Hsp70 is 
Induced by vincristine (V) and paclitaxel (P) in the cytoplasma of nomial cells (a 

10 corresponding experiment is shown in Fig 2C). Such aggregates may consists of the 
same as well as of different proteins. Generally, such protein aggregates may be 
fonmed upon the application of stress, e.g. in the fomi of heat, radiation or chemicals, 
to a cell. The formation of said aggregate eventually renders the cell bound to cell 
death. This is because It was found in accordance with the present invention that 

15 drugs administered in the above Indicated range to a patient, preferably a human, 
and inducing protein aggregation will induce Hsp70 to migrate to the tumor cell 
surface or to the cell surface of the infected cell where it functions as a target 
structure for Natural Killer (NK) cells. In contrast HSP70 cell surface expression is not 
induced in healthy cells, i.e. PBL (a corresponding experiment is shown in Fig 4B). 

20 

The teaching of the present invention therefore provide a much improved approach 
to the treatment of a large variety of tumors or of bacterial or viral infections without 
the severe adverse effects that were concomitantly observed with the prior art drug 
anti-cancer etc. treatment. It is to be noted that the concentration range of the drugs 
25 is in accordance with the present invention, clearly a range sublethal for normal cells. 

Since the effect on tumor or infected cells is the exposure of Hsp70 on their surface, 
the present invention may also be viewed as the use of drug inducing exposure of 
Hsp70 on the surface of tumor or infected cells for the preparation of a 
30 pharmaceutical composition wherein the drug is in a dose of 135 - 175 mg/m^ body 
surface for the treatment of a tumor or of bacterially or virally infected cells. Viruses 
include HIV such as HIV I and HIV II as well as adenovirus. Further viruses include 
EBV (Epstein-Barr Virus), CMV (Cytomegalivinis), Coxsachievirus, Herpes simplex 
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virus. HPV (human papilloma vims) and Human T-cell leuicemia virus. Bacteria 
include Mycobacterium tuberculosis and Listeria. 



5 



10 



15 



Ba^d on the teachings of the present Inventa, the person skilled in the art « eas*y 
in a poslUon to ident«y dmgs in addition to *ose speci«cany disclosed In the present 
speciflcation that wi« induce intracellular protein aggregation resulting In the specHc 
elimination of tumor cells. 

For example, protein aggregation In cells may be assessed by means of an anti- 
tubulin antibody ^at is «ucrescently labeled. Aggregates of tubulin are detected as 
dumps on the basis of the fluorescence Intensity and using, for example, a 
florescence microscope. On the other hand, the occurrence of Hsp70 on the «ll 
sudace Of tumor colls may be measured using the technology descnbed ,n the 
appended examples. One convenient method to assess Hsp70 occurrence as 
density on the surface of tumor ceUs or Infected cells is flow cytometry. 

The tem. Inducing intracellular protein aggregation- Is intended to mean that the 
drug, upon administration. Is causative for the onset or occurrence of proteui 
aggregation. The drug may directly Induce aggregaSon by acBng on the prote,ns tha 
fom, the aggregate. AltemaSvely, the drug may have an indirect effect on «,e onset 
or occurrence of protein aggregation. For example, the drug may interact wrth a 
pratein In a signal cascade wherein the signal cascade eventually leads to proton 
aggregation. 

' The -phannaceuticd composition- prepared in accordance with the present invention 
may further comprise a pharmaceuUcally acceptable carrier and/or diluent. Examples 
Of suitable phannaceuM carriers are woU known In the art and Include phosphate 
buffered sdlne solutions, water, emt^sbns. such as oiitaater emulsions, vanous 

„ types Of wetting agents, sterte solutions etc. Compositions comprising such earners 
can be fomtulated by weH known co^entoal methods. These phamtaceut^ 
compositions can be administered to the subiect at a suitable dose. Adminls.rat,on of 
the suitable compositions may be effected by different ways, e.g., by Intravenous, 
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intraperitoneal, subcutaneous, intramuscular, topical, intradermal, intranasal or 
intrabronchial administration. The exact dosage regimen will be determined by the 
attending physician and clinical factors. As is well known in the medical arts, dosages 
for any one patient depends upon many factors, including the patient* s size, body 

5 surface area, age, the particular compound to be administered, sex, time and route of 
administration, general health, and other drugs being administered concurrently. The 
compositions of the Invention may be administered locally or systemically. 
Administration will generally be parenterally, e.g., Intravenously. Preparations for 
parenteral administration Include sterile aqueous or non-aqueous solutions, 

10 suspensions, and emulsions. Examples of non-aqueous solvents are propylene 
glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic 
esters such as ethyl oleate. Aqueous carriers include water, alcoholic/aqueous 
solutions, emulsions or suspensions, including saline and buffered media. Parenteral 
vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium 

15 chloride, lactated Ringer's, or fixed oils. Intravenous vehicles include fluid and 
nutrient replenishers, electrolyte replenishers (such as those based on Ringer's 
dextrose), and the like. Preservatives and other additives may also be present such 
as, for example, antimicrobials, anti-oxidants, chelating agents, and inert gases and 
the like. 

20 

The term "wherein the drug is in a dose of 135-175 mg/m^ body surface" describes 
the dosage of active ingredient required in accordance with the present invention. It 
is important to note that this dosage regimen is non-toxic for non-tumorous or non- 
infected cells. This dose corresponds to a serum content of 10 //M or lower. The 

25 person skilled in the art is easily in a position to transfonm this value into a different . 
commonly used prescription of the dose, e.g. in a dose calculated based on the 
amount of drug (in milligrams) to be administered per kilogram of body weight. The 
claimed invention specifically includes embodiments wherein the prescribed dosage 
is administered is administered more than once, such as two, there, four, five, six, 

30 seven, eight, nine, ten or more times. 

In accordance with the invention, it was found that one dose is already effective in 
the Induction of surface exposition of Hsp70 by tumor cells or Infected cells. 
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Aooordng^. a cWca, e«ec. . a^dy cb«,ved after a s^. dose .«a«nan. 
Admirtslraaon oi mulUple doses * as a rute, enhance the clm^ eHeol 

The tenm tumor- inoludee malignant as wen as non^allgnar* tumors. A ma«gnant 
Ibr defers .romanon-m^nanttumor by «sab«l.,tolnvadesum>unCng issues. 

Preferably, the drug Is an an«-oanoer dn,g, i.e. a dmg that was known in the art to 
selectively m tumor cells and preferably malignant tumor cells. 

, IS furmer preferred that said drug binds to miorotubuli and interferes w«, «,e 
Jls of mlto^s. Accordingly, H Is also preferred that said dmg induces Jhe 
Z2 0. tubulin aggregates. T.e present Inventon demonstrates the capac«y o^ 
^1 agents that induce prot* aggregation in cells to Muce Hsp70, the ma,.. 
Twul member o, the 70KDa heat shocK protein family. 
1 known that on the one hand, elevated levete of HspTO are discussed to ptey a 
Tci^e in me lnduc«on o, anS-apoptotlc mechanisms that enable U,mor cells to 
Z^lm apopto^c eel, death induced by stimuli including heat t^« 
neorL factor, oxidative stress, cytostatic drugs, and radiafon (Roigas e( a) 1 W 
uTaf. 2000; ^^e,.. 1098; Rlcd efaf. .001). '"sofar the results ct^ne^ 
„ accomance with the present Invention must be viewed as sun?ns,ng. On me other 
Td extracular Hsp70 Induces NK activity (Multhof, e, a,. 1999 a^pl^™ 
membrane-bound Hsp70 has been detemtlned as a 
^cogrttlon st™c*ure for NK cells (Multtaff e, a/. 1997). A sUess-nducb ie (heat o 
ctTJiCHS) inc^ased amount of membrane-bound Hsp70 renders tumor ce« 
« ^1^2 to me m -dieted by NK cells (Bother e, a,. 1999-, Multhof. er a 
ZoTT^ C HspTO IS dependent on the subcellular distrt u„on o, 
Zo. 2o surprising was that the Known antl-^mor agents may be employed for 
the treatment of bacterial or viral Infections. 

3. ,„ accordance v* me present invention H was also addiessed ^^^^^ 
cytoplasmic HspTO levels correlate wHh an ^asM amount of Hsp O ,n me p^a 
membrane. Previously, U has been shown ma, nonletha, heat and nontox- 
e<^rtratlons of me a«<yHysophosphc*i,.d dehvaUve ET.18-OCH3 are aWe to 
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Stimulate an increase in plasma membrane-bound Hsp70 in K562 cells, but not in 
nonnal cells (Botzler ef a/. 1999). As already mentioned, the quantity of membrane- 
bound Hsp70 is associated with an enhanced NK cell mediated killing activity against 
tumor cells (Multhoff etal. 1997; Multhoff etaL 1995c). Furthennore, Hsp70 was not 

5 only found on the cell surface of tumor cell lines but also on freshly isolated biopsy 
material of carcinoma and leukemic patients (Hantschel etal. 2000). 
Interestingly, following incubation of K562 cells (ATCC CCL 243) with nontoxic doses 
of drugs inducing intracellular protein aggregation such as vincristine or paclitaxel not 
only Induce increased cytoplasmic but also membrane-bound Hsp70 levels. In 

10 contrast, the antitumor agents that interact with DNA neither increase the amount of 
cytoplasmic nor enhance the amount of membrane-bound Hsp70 in tumor cells (see 
appended examples). This is in agreement with the idea of Hightower that Hsp70 
induction is a sensitive marker for proteotoxicity rather than genotoxicity (Hightower 
1991). 

15 

It is important to note that Hsp70 membrane localization was restricted to tumor cells 
or infected cells; PBL derived from healthy human Individuals did not exhibit any cell 
surface localization either under physiological conditions or following stress (Multhoff 
etaL 1995a, 1995b). In accordance with the present invention, it was demonstrated 

20 that treatment with heat alone or with heat plus tubulin interacting agents also did not 
increase membrane-bound Hsp70 on PBL This indicated that Hsp70 membrane 
localization induced by vincristine or paclitaxel is tumor cell specific or specific for 
ceils infected by bacteria or viruses. The immunological consequences of increased 
amounts of membrane-bound Hsp70 were shown for various tumors including human 

25 colon carcinoma cells and K562 cells. In accordance with the invention, it could be , 
demonstrated that the sensitivity to lysis mediated by NK cells was drastically 
increased following incubation with the above-mentioned drug type and in particular 
with a nontoxic dose of paclitaxel. 

30 The findings of the present invention are particularly advantageous since they allow 
the treatment of patients suffering from tumors or bacterial or viral infections with 
doses of medicaments that are clearly below the level of toxicity required for the 
killing of non-tumorous or non-infected cells. For example, the non-toxic value for 
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vi«=rls«ne is beh^en 0 and 250,M when tested In v«ro wHh K562 cells; see Bgure 6 
3. usln, the san-e test system. ...e v.ue tor peCHaxe, . be«en 0^. 
,0.M, see Hgure 7 and Table it The range h which the dn.gs sfmu^e HepTO 
si e expression Is n,a,Ked by bars. It ,s n-rther advantageous m acco^an» w^ 
.he present ,nven«on that the phenomenon of intracellular protein ^ggregaton 
he nked * the .act that tumor cells are susceptn* to the P^armaceo^K=^ 
lets 0, anti^ncer drugs administered a, a much tower dose than presonb«^^^ 
2 0, the art an.-cancer phannaceutical c«r^«ion. .nso*>r, the p«son sial «^ 
TL art may recur to .urther ana-can»r dnrgs as drugs eHec«ve in the treatmen o. 
Tor balorial in,ec«ons having the same etteCs on intraceUuiar pro^,n 
aggregauon and not exempli in this specmcaiion with the sound 
Tse drugs eT^ctous^ eradicate tumor or infected cells when adm.«tered ^ ~n- 
n^l^naturthoraspectctthe invention, the dosages otthedn-gdev^^^rom 

^ .^ge ind-^ted above bu, are nevertheless in a non-to-uo "^- ^ 
riante^e oi the present invention is that many o. me dmgs that .^1 under the scope 
mvention have been approved and registered n.r essen«* the same 
indications that are followed up here. 

Acco^gly. the use o. said drug In me preparatton ot a pharmaceutical .»mpos»^ 
» ^he trLent C a tumor or a bacterial or vi^ intecBon wherein the dmg y,^ 
Sla levels aner administra«on o, 5 to 10.M and induces 
aggregation or ce» surface expression of Hsp70 is anomer preferred embodiment of 

the Invention. 



10 



15 



25 



30 



The admwstrason o, the d„,g in t,» ab,«e indicated range wil, y,eld plasma 
^ 5 and 10 pM. in vitro, me dnrgs can be tested in appropnate systems n 
^ essentfany between 1 nM and 300 .M wherein levels of 10 nM to 1 0 .M 
pJitaxel) or lOnM to 250pM (for vincristine) Indite pl«m«colog,cai act,v*y as well 
as non-toxiclty of the drugs. 

,n a preferred embodiment of the use of me present invention said an«neoplastlc 
drug is vincristine. 
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Vincristine targets B-tubulin and tlius results in tubulin assembly. Vincristine supports 
the assembly of tubulin and thus causes protein aggregation within the cell (Gidding 
efa/. 1999); 

It is further preferred that the drug administered is Vincristin Liquid, the clinically 
5 applied homologue of vincristine. Vincristine Liquid is manufactured and distributed 
by Eli Lilly. 

in a further prefen-ed embodiment of the use of the present invention said drug is 
paclitaxel. 

10 

Just as vincristine, paclitaxel targets ^-tubulin and thus induces tubulin assembly. 
Further, paclitaxel blocks mitosis by binding and stabilizing microtubules (Schiff and 
Horwitz1980). 

15 It is also preferred in accordance with the present invention that said dmg is Taxol®- 
100, the clinically applied homologue of paclitaxel. Taxol®-100 is manufactured and 
distributed by Bristol Myers Squibb. 

As demonstrated by immunostalning, vincristine as well as paclitaxel at nonlethal 
concentrations both induced tubulin aggregates, whereas DNA-interacting agents 
20 failed to do so. 

The tumor treated in accordance with the present invention may be a benign tumor. 
In an additionally preferred embodiment of the use of the present invention said 
tumor is a malign tumor. The malign tumor may either be a solid tumor or a 
25 hematological malignancy. 

In a particularly preferred embodiment of the use of the present invention said malign 
tumor is a tumor selected from the following: Colorectal, pancreas, melanoma, lung 
carcinoma (small and non-small), ovarian, kidney, mammary, head and neck, 
30 stomach, liver, oesophagus, prostata carcinomas, and sarcomas. 

It Is also prefenred that said hematological malignancy Is selected from 
myeloproliferative diseases, non-Hodgkin's lymphoma (NHL), AML (acute myelocytic 
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leukemia), acute lymphocytic leukemia (ALL), multiple myeloma, chronic myelocytic 
leukemia (CML) and chronic lymphocytic leukemia (CLL). B- and T-lymphomas. CNS 
lymphomas, gastrointestinal lymphomas, and cutaneous lymphomas. 
The present invention f urttiemiore relates to a method of treating a patient suffering 
5 from a tumor or a bacterial or viral infection comprising administering to said patient a 
drug inducing intracellular protein aggregation in a dose of ISS-ITSmg/m^ body 
surface. 

As regards the definitions, comments, elaborations on this embodiment of the 
invention and tiie following prefen-ed embodiments tiiereof , reference Is made to tiie 
10 foregoing. 

In a preferred embodiment of the method of the present Invention said drug is 
vincristine. 



15 



20 



In an additionally preferred embodiment of the method of the present invention said 
daig Is paclitaxel. 

m a further preferred embodiment of the method of the present invention said tumor 
is a malign tumor. 

In a partlculariy preferred embodiment of the method of the present invention said 
malign tumor Is a tumor selected from the following: Colorectal, pancreas, 
melanoma, lung carcinoma (small and non-small), ovarian, kidney, mammary, head 
and neck, stomach, liver, oesophagus, prostata carcinomas, and sarcomas. 

25 

It Is also preferred that said hematological malignancy is selected from 
myeloproliferative diseases. non-Hodgkin's lymphoma (NHL). AML (acute myelocytic 
leukemia), acute lymphocytic leukemia (ALL), multiple myeloma, chronic myelocytic 
leukemia (CML) and chronic lymphocytic leukemia (CLL). B- and T-lymphomas. CNS 
30 lymphomas, gastrointestinal lymphomas, and cutaneous lymphomas. 

In anoOier preferred embodiment of the present Invention the method further 
comprises tiie administration of heat in the range between > 37°C to 43°C for 1 to 12 
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hours to said patient. Thus, heat is also administered in a sublethal dose, also when 
administered in conjunction with the drug. 

This embodiment of the present invention is particularly advantageous due to the fact 
that an additive effect could be observed when heat was administered in addition to 

5 the drug. The heat may be administered simultaneously, or it may be administered 
prior to administration of the drug. However, care needs to be talcen that there is a 
time overlap of the phannacological effect due to the application of the drug and the 
heat treatment Generally, if the patient is treated at a higher temperature, the time of 
heat administration may be shorter than if the patent is treated at a low temperature. 

10 It must be emphasized, however, that the general range of the drug goes well with 
the Indicated heat range. A prefen-ed range is 38**C to 41**C. Heat may be 
administered to a certain part of the patient's body or a whole body by hyper thenmal 
treatment. Sources of heat includes microwaves (companies distributing appropriate 
instruments include BSD, Sennewald, Sigma Eye, Siemens) Infrared radiation, and 

15 hot-air. 

Finally, the present invention relates to a pharmaceutical composition comprising a 
drug Inducing intracellular protein aggregation in a dose of 135-175 mg/m^ body 
surface. 

20 Preferably, the drug interacts with tubulin, as has been described above. It is further 
preferred that the drug is vincristine or paclitaxel (particularly Vincristin Liquid or 
TaxoP-100). The pharmaceutical composition may comprise one or more doses of 
the drug to be fonnulated and administered as described above. 

25 

The figures show: 
FIgl. 

Influence of different antineoplastic agents on the induction of apoptosis in untreated 
30 (37*^0) and heat-shocked (41.8**C) K562 cells. The percentage of apoptotic cells was 
detemiined following AnnexIn-FITC staining by flow cytometric analysis. 
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A) Apoptosis was determined 24 hours following incubation of K562 cells with the 
nonlethal concentration IjulVI cytarabine (C). the activated form of ifosfamide (I), 
vincristine (V), or paclitaxel (P). 

B) As a positive control for apoptosis. K562 cells were Incubated with Camptothecin 
5 (Campto) at a concentration of 2//g/ ml. 

Fig 2. 

Influence of antineoplastic drugs on the cytoplasmic amount of Hsp70 in K562 cells. 
Equal protein amounts were mn on a 10% SDS-PAGE and transferred to 
10 nitrocellulose membranes. Following Westem blotting using the Hsp70 specific MoAb 
the immunoblots were quantified by densitometry. The inset represents one 
representative experiment out of three. 

A) Representative Hsp70 immunoblots of K562 cells (37«C) incubated with no (ctri), 
10nM, 1juM. 100//M of cytarabine (C), the activated fomfi of ifosfamide (I), vincristine 

15 (V), or paclitaxel (P). 

B) Representative Hsp70 immunoblots of K562 cells following nonlethal heat shock 
(41.8'C) incubated with no (control), 10nM. 1/yM, 100//M of cytarabine (C). the 
activated fonn of ifosfamide (1). vincristine (V). or paclitaxel (P). 

The relative increase of cytoplasmic Hsp70 is indicated for each antineoplastic agent 
20 graphically and as numbers (fold increase) on the right hand side. 

C) Cytoplasmic Hsp70 levels were increased in PBL of healthy donors following 
treatment with vincristine (V) or paclitaxel (P) with or without heat. 
Representative Hsp70 immunoblots of peripheral blood lymphocytes (PBL). either 
under physiological temperatures (37»C) or following non-lethal heat shock (41.8°C) 

25 incubated without (ctri) onwlth 1 //M paclitaxel (P). 

Fig 3. 

Influence of antineoplastic drugs on membrane-bound Hsp70 in K562 cells. 
Equal protein amounts of plasma membrane fractions of K562 cells (37»C) or 
30 following nonlethal heat shock (41.8»C) were run on a 10% SDS-PAGE and 
transferred to nitrocellulose membranes. Westem blotting was performed using the 
Hsp70 specific MoAb. 

A) Representative Hsp70 Immunoblots of untreated (37»G) or heat-shocked (41.8°C) 
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K562 membrane fractions following incubation with 1/yM of the cytostatic drugs 
cytarabine (C), activated form of ifosfamide (I), vincristine (V), and paclitaxel (P). 
Before isolation of plasma membranes K562 cells were either kept under 
physiological conditions or heat-shocked at the nonlethal temperature of 41 .S'^C. 
5 B) Quantitative analysis of the immunoblots by densitometry. The relative increase of 
membrane-bound Hsp70 is indicated for each antineoplastic agent graphically and as 
numbers (fold Increase) on the right hand side. 

Fig 4. 

10 A) Flow cytometric analysis of membrane-bound Hsp70 on K562 tumor cells. 

Untreated (37**C) or heat-shocked (41.8°C) K562 cells were Incubated with l^/M of 
the cytostatic drugs vincristine (V) or paclitaxel (P) and stained with a FITC- 
donjugated Hsp70 specific antibody (C92 F3 B1) (solid line) or isotype-matched 
controls (dotted line). The percentage of Hsp70 positively stained cells is showri in - 

IS the right corner of each graph. 

B) Hsp70 cell surface expression was not induced in PBL of healthy human donors 
following vincristine (V) or paclitaxel (P) treatment. 

Untreated (37^C) or heat-shocked (41. 8*^0) PBL derived from healthy donors (n=5) 
were treated either with 1//M V or 1//M P and stained with FITC-conjugated Hsp70 
20 antibody C92FB1. The marker indicates the position of the isotype-matched (lgG1) 
control antibody. The % Hsp70 positively stained cells is shown in the upper right 
corner of each graph. 

Fig 5. 

25 Immunofluorescence staining of tubulin in untreated and cytostatic drug treated K562 
cells 

Untreated (37^C) or heat-shocked (41.8^C) K562 cells were incubated with 1/yM of 
the cytostatic drugs vincristine (V) or paclitaxel (P). Either untreated (clri) or 
vincristine (V) and paclitaxel (P) treated cells were mounted on glass slides, fixed 
30 with 4% paraformaldehyde incubated with a tubulin specific monoclonal antibody and 
stained with a secondary FITC-conjugated antibody. Scale bars; ^OfJ^^. 
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Peripheral blood lymphocytes (PBL) were derived from heparinlzed blood of heaKhy 
hurran volunteers following separation by Fiooll density gradient oentrilugation. After 
vrashing the cells were counted and resuspended in the same medium that was used 
for K562 cells. 

The examples illustrate the invention. 
Example 1 : Treatment with cytostatic drugs 

Either untreated or heat-shocked tumor cells were incubated with the following 
antineoplastic agents. With the exception of ifosfamide all agents are available in 
their active fomi. The prodrug 4-hydroperoxyifosfamide (4-OOH.IF; kindly provided 
bv ASTA-Medica. Frankfurt. Gemiany) spontaneously gives rise to pharmacologically 
equivalent amounts of 40H-IF in aqueous solution. Intracellularly. the acth^ated fomi 



4.0H-1F is decomposed to alkylating mustard, when acrolein is split off. For ,n v,tto 
assays the aqueous solution of 4-OOH-IF was freshly prepared directly before each 
assay (Zalupski and Baker 1988-. Multhoff et al. 1995b). 

Jr^e DNA intercalating cytostatic drugs carboplatin (Ribocarbo-L. ribosephami . 
.0 MQnchen. Gen^any). doxorubicin (Doxo-cell. cell pharm. Hannover. Germany), 
fludarabine (Fludara. Schering. Berlin. Germany), cytarabine (Ara-cell, cell pharm 
Hannover. Gemiany). and the tubulin interacting agents vincristine (Vincristin Liquid. 
Lilly. Giessen. Germany), and paclitaxel (Taxol-100, Bristol. Munich, Germany), were 
obtained from the pharmaceutical department of the University Hospital Regensburg. 
25 All agents were prepared freshly as described for medical applications. For the ,n 
vnro assays stock solutions of the cytostatic drugs were diluted in cell culture 
medium. Untreated or heat-shocked cells were incubated at concentrations of 10nM, 
1„M 10A.M or 100;/M of each drug for 2 hours at src and 5% CO. The drug 
incubation time of 2 hours was chosen in order to study sublethal effects. 
30 Furthermore, previously published data from our group indicate that in aqueous 
solution 4-hydroperoxylfosfamlde. the activated fomi of ifosfamide, gets inactivated 
within few hours (Multhoff et al 1995b). Following treatment, the cells were washed 
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twice In ice-cold PBS and then resuspended in fresh culture medium for a recovery 
period of 2 hours at STX. 

Example 2: Preparation of cytoplasmic and plasma membrane fractions 

5 Following treatment, cytoplasmic fractions were prepared from 5 x 10^ cells by 
Incubation of PBS washed cell pellets in 10 mM Tris-buffered saline (pH 7.5) 
containing 1% Nonidet P-40 (NP-40; Sigma) and 1 mM phenyl-methyi-sulphonyl- 
fluorlde (PMSF; Sigma) as described previously (Botzler et al. 1999). Plasma 
membrane fractions were prepared by a modified method described by Weissman 

10 (1991). Briefly, 50 x 10® cells were broken by 30 strokes with a tight pestle In a 
Dounce homogenizer. The cytoplasmic fraction was separated from the membrane 
fraction by ultracentrifugation at 100,000 g at 4''C. Membrane-bound proteins were 
separated by treatment of the last pellet with Triton X-100 (Sigma) followed by 
centrlfugatlon of the unsoluble material at 10,000 g. 

IS 

Example 3: Definition of nontoxic concentrations of antineoplastic agents on 
tumor cells 

The myelogenous tumor cell line K562 (CCL243, ATCC) and the human colon 
carcinoma cell line CX2 (see below; TZB 61005, Tumorbank DKFZ, Heidelberg, 

20 Germany) (Multhoff et al. 1997) were grown in RPMI 1640 medium (GibcoBRL, 
Eggenstein, Gennany) supplemented with 10% heat-inactivated fetal calf serum 
(FCS, BioWhittaker, Waikersville, Maryland, USA), 6 mM L-glutamine, and antibiotics 
(lOOlU/ ml penicillin and 100//g/ ml streptomycin, GibcoBRL, Eggenstein, Germany). 
In order to obtain exponential growth the cell density was maintained at 0.5 x 10®. 

25 In order to define the effects of different antineoplastic agents on the viability of either 
untreated or heat-shocked K562 tumor cells, a 2 hour incubation of the cells with 
cytarabine (C), ifosfamide (I), vincristine (V), and paclitaxel (P) at the following 
concentrations 10 nM, l^/M, lOjuM, 100//M was perfomied. Cell viability was 
evaluated either by trypan blue (GibcoBRL, Eggenstein, Germany) exclusion assays 

30 or propldlum Iodide (PI; Sigma, Munich, Germany) Incorporation assays, directly 
before the preparation of cellular extracts and before flow cytometric analysis. Cells 
were incubated for 1 min with trypan blue or PI and then analysed. Only dead cells 
incorporate either trypan blue or PI. Following Incubation with PI a minimum of 5000 
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cells was analysed on a FACSCalibur flow cytometer (Becton Dickinson. Heidelberg, 
Gennany). 

As shown in Table 1 , a concentration of 1 OOa/M of the antineoplastic drugs negatively 
affects the viability of the cells. The reduction in cell viability at was less 

pronounced H the cells were treated with a nonlethal heat shock (41 .8«>C) for 2 hours 
before the incubation with the cytostatic drugs. (Briefly, exponentially growing tumor 
and normal cells were treated at a nonlethal temperature of 41.8«>C for 2 hours in a 
temperature-controlled waterbath (Ga. Burgwedel. Germany) followed by a 
recovery period of 15 hours at 37'C. Under these conditions the cell viability was 
greater 99%.) The concentrations. lOnM. 1//M. and 10 //M of the antineoplastic 
drugs, either under physiological conditions or combined with heat, have been 
determined as nontoxic for K562 cells. 

The effects of the different antitumor agents on apoptotic cell death was detemilned 
by annexin staining. Briefly, cells were washed twice In Hepes buffer containing 5 
mM CaCIa and incubated with Annexin-V-FLUOS (Roche) for lO.mIn at room 
temperature. Annexin positively stained cells were measured In a FACSCalibur flow 
cytometer. At a concentration of 1/;M none of the drugs induces significant apoptosis 
in either untreated (37»C) or heat-shocked (41.8»C) K562 cells 24 hours following 
treatment. As shown In Figure 1A the amount of apoptotic cells following heat shock 
(41 8»C) was not signif.caritly different from that of untreated (37°C) control cells. 
110/0 versus 5%. respectively. After treatment with the different cytostatic drugs the 
amount of cells that underwent apoptosis was always below 12%. Therefore, it can 
be concluded that the concentration of 1//M neither induces necrotic nor apoptotic 
cell death. Camptothecln was used as a positive control for apoptosis induction. 
Incubation of K562 cells with camptothecln at a concentration of 2ug/ ml for 4 hours 
significantiy increases the percentage of annexin positive stained up to 51% (Fig. 
18) Stock solutions of camptothecln (5mg/ ml) were diluted in DMSO and stored at 
4-'C in the dark. A treatment of K562 cells with 100//M of the different cytostatic drugs 
induces apoptosis in a comparable range of 30% up to 70%. 
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Example 4: Effects of antineoplastic agents on cytoplasmic Hsp70 levels in 
K562 ceils 

To test the inducibility of Hsp70 in K562 cells by antineoplastic drugs, ceils 
maintained under physiological conditions (37°C) or following nonlethal heat shock 

5 (41.8°C), were treated with cytarabine (C), the activated form of ifosfamide (I), 
vincristine (V), or paclitaxel (P) at the nontoxic concentrations 10nM, 1//M, WfjM and 
at the lethal concentration of 100//M. After a 2 hour recovery period at Sl^'C, cell 
lysates were subjected to a 10% SDS-PAGE. Following Western blot analysis using 
the Hsp70 specific I\/loAb the cytoplasmic amount of Hsp70 was measured by 

10 comparative laser scan densitometry. Specifically, equal protein amounts (5//g or 
10//g) derived from freshly prepared cell lysates or plasma membrane fractions were 
separated electrophoretically on a 10% SDS-PAGE (Laemmll 1970). Following SDS- 
PAGE the proteins were transferred onto nitrocellulose membrane (PALL 
Corporation, Ann Arbor, USA) according to a standard protocol of Towbin (1979). 

15 Nonspecific binding to nitrocellulose was blocked with 5% skim milk in PBS with 
0.5% Tween at room temperature for 30 min. Then the membranes were incubated 
with an anti-tHsp70 specific monoclonal antibody (clone 7F4, diluted 1 : 1000, kindly 
provided by Dr. Kremmer, GSF-Munich) and with a secondary antibody (goat anti-rat 
IgG peroxidase conjugated, dilute 1 : 2000, Dako, Hamburg, Germany), each for 1 

20 hour. Immune conriplexes were detected using the ECL Westem blotting detection 
system (Amersham, Braunschweig, Germany). Protein bands were scanned and 
quantified using the ImageMaster ID Elite Version 3.00 (Amersham Pharmacia 
Biotech, Braunschweig, Germany). In order to ensure that equal protein amounts 
have been subjected to the gel, the blots were stained with the antibody CP01 

25 (Oncogene, Boston MA, USA) directed against actin. 

As shown in Figure 2A, under physiological temperatures (37*'C), following treatment 
of K562 cells with cytarabine (C) or with Ifosfamide (1), the cytoplasmic Hsp70 levels 
remained unaltered at any of the tested concentrations ranging from lOnM up to 
30 lOOjt/M. identical results were achieved with other DNA or RNA Interacting agents, 
including carboplatin (O'Dywer et al. 2000), doxorubicin (DeBeer ef a/. 2001) or 
fludarabine (Johnson 2000; Grant 1998) (data not shown). Doxorubicin is a member 
of the anthracycline family that intercalates with DNA and supports uncoiling of 
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Beside its cliaperoning function, extracellular localized Hsp70 is known to stimulate 
NK cell activity. Cell membrane-bound Hsp70 acts as a tumor-selective target 
recognition structure (Multhoff ef a/. 1995a; Multhoff et al. 1995c). In order to 
evaluate the immunological effects of a cytarabine (C), ifosfamide (I), vincristine (V), 

5 and paclitaxel (P) treatment on tumor cells membrane expression of Hsp70 was 
investigated. It was investigated whether enhanced cytoplasmic Hsp70 levels 
correlate with an increased amount of membrane-bound Hsp70. Membrane 
localization of Hsp70 in either untreated or heat-shocked K562 cells was studied 
using the nonlethal concentration of 1jwM of cytarabine (C), ifosfamide (I), vincristine 

10 (V), and paclitaxel (P). Following treatment plasma membrane fractions were 
prepared and subjected to SDS-PAGE. One representative Western blot analysis out 
of three using the Hsp70 specific MoAb is shown in Figure 3A. A quantitative laser 
scan densitometry of the results is summarized In Figure 3B. In accordance with the 
findings of cytoplasmic Hsp70 levels, vincristine (V) as well as paclitaxel (P), both 

15 result in an enhanced Hsp70 membrane expression in untreated and heat-shocked 
K562 cells. Under physiological conditions the increase in membrane-bound Hsp70 
was 23% for vincristine (V), and 24% for paclitaxel (P); following heat shock 
vincristine (V) results in an Hsp70 increase greater 100% and 43% for paclitaxel (P). 
Again, cytarabine (C) as well as the activated form of ifosfamide (I) did not affect the 

20 amount of membrane-bound Hsp70. 

The increase in Hsp70 membrane expression could be confirmed by flow cytometric 
analysis. Briefly, indirect immunofluorescence studies were performed using the 
Hsp70 specific monoclonal antibody (MoAb, clone C92 F3 B1, multimmune GmbH, 

25 Regensburg, Germany), the MHO class I specific MoAb {W6/32) and isotype- 
matched control antibodies (IgGI, lgG2a Immunotech, Marseille, France) as primary 
antibodies and FITC- or PE-conjugated rabbit anti-mouse secondary antibodies 
(Dako, Hamburg, Germany). Briefly, the cells were incubated with the primary 
antibodies at 4°C for 30 min. After two washing steps the cells were stained with a 

30 secondary antibody for another 30 min at 4^*0. A quantitative flow cytometric analysis 
was performed using a FACSCalibur instrument (Becton Dickinson, Heidelberg, 
Germany). The percentage of positively stained cells was determined as the number 
of positively stained cells minus the number of cells stained with an isotype-matched 
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„ Example 6: Effect o. antineoplasflc agents vlncrlstme (V) and paclftaxel (P) on 
ttie formation of tubulin aggregates in tumor cells . „^ ^ 

^e data dearly showed that following treatment with nonlethal concentrat»ns of 
ZZLZ, agents ^ cytoplasmic and membrane^und HspTOJ-^ - 
increased. In contest. DNA interactlr^ agents at identical concent d^ ~. 
. Zhsp70 leve^ Pro^n aggregates are known to Induce Hsp70 expres^K, (M_ 
:^er:.1999,.Therefore,«wasinves.i,atedwhe.heranonle.f.,— 
Vincristine (V) or padltaxel (P) induces tubulin aggregation ,n tumor celb. 
rrcenTmlcroscopy was performed using an anybody directed ag^ns. in 
Mowing «atmem of K562 tumor cells with the nonleth^ concentration , 1.M 
30 vlncrist^e M or 1pM padltaxel ,P,. To mis effect, .mcr cells were ..at^ v^. 1.M 
vincristine (V) or pacBtaxel (P) for 2 l«urs. Following a recovery pe r od of 2 hou^ a 
me ^s were washed and se.«ed on po^-L-iysine coated glass sl,des. tod 
1 4% parafomr^dehyde m PBS fo, another 30 ^ a. room temperature. AHer 
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fixation the cells were incubated with an antibody directed against tubulin (AB-1, 
Oncogene, Boston, USA) and stained with a goat-anti-mouse FITC conjugated 
secondary antibody (Dako, Glostrup, Denmark) for another 30 min. The slides were 
mounted with Fluorescent Mounting Medium (Dako, Carpinteria, USA) and then the 

5 samples were analysed for transmission and fluorescence using a Zeiss model 
Axioscop 2 scanning microscope (Zeiss Jena, Germany) equipped with a 100x 
(planar) or 63x (apochromatic) oil-immersion objective and standard filters. Section of 
specific fluorescence were taken; the localization of tubulin and tubulin aggregates 
was visualized with FITC in green. Images were treated by multiplicative shading 

10 correction using software Axiovision (Zeiss Vision, Jena, Gemnany). 

As shown in Rgure 5 upper part, untreated control cells {37''C) and heat-shocked 
cells (41.8''C) exhibit a regular tubulin formation as demonstrated on mitotic cells. 
Following treatment with tubulin interacting agents nearly no mitotic cells were .found 

15 and the tubular network was significantly distrubed. Cells treated with 1//M vincristine 
(V) at physiological temperature conditions frequently show tubulin staples in the 
nucleus and an irregular tubulin distribution in the cytoplasm (Rg. 5, middle left side). 
After heat shock the formation of tubulin aggregates in the cytoplasm was even more 
pronounced (Fig. 5, middle right side). Treatment with paclitaxel (P, 1//M) also 

20 induces tubulin aggregates, similar to that seen with vincristine (V) (Fig. 5, lower 
panels). Under physiological temperatures predominantly tubulin stapels are found in 
the nucleus (Fig. 5 lower left side), and following heat shock nearly all cells contain 
clumpy tubular spots in the cytoplasm (Fig. 5 lower right side). 
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Table 1 

Cell viability of K562 cells following treatment with different neoplastic agents 
including cytarabine (C), ifosfamide (I), vincristine (V), and paclitaxel (P) at the 
different concentrations, 10nM, 1//M, 100//M. 
5 The data represent the mean of three independent experiments. 



temperature agent ^^^^ ^^^^^^ 



% viable K562 cells 

cytarabine (C) 100 ± 0.5 99 ±1.5 99 ±0.0 99 ±0.0 

ST'C ifosfamide (I) 100 ±1.0 97 ±0.0 98 ±1.5 99 ±0.0 

vincristine (V) 99 ±0.5 96 ±0.5 28 ±5.9 99 ±0.0 

paciitaxel (P) 99 ± 0.0 96 ± 0.0 71 ± 12.1 99 ± 0.0 

cytarabine (C) 98 ±0.5 98 ± 0.0 97 ±1.0 99 ±0.1 

41.8''C ifosfamide (I) 99 ±0.5 99 ± 0.0 94 ± 5.6 99 ±0.2 

vincristine (V) 99 ± 0.0 97 ±0.0 92 ±2.9 99 ±0.0 

paciitaxel (P) 99 ±0.5 100 ±0.5 91 ±3.2 99 ±0.0 
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Claims 

1. Use of a drug inducing intracellular protein aggregation for the preparation of a 
piiarmaceuticaj composition wlierein the drug is in a dose of 135-175 mg/m^ 

5 body surface for the treatment of a tumor or a bacterial or viral infection. 

2. The use of claim 1 wherein said drug is vincristine. 

3. The use of claim 1 wherein said drug is paclitaxel. 

10 

4. The use of any one of claims 1 to 3 wherein said tumor is a malign tumor. 

5. The use of claim 4 wherein said malign tumor is a tumor selected from the 
following: Colorectal, pancreas, melanoma, lung carcinoma (small and non- 
15 small), ovarian, kidney, mammary, head and neck, stomach, liver, 

oesophagus, prostata carcinomas, sarcomas, myeloproliferative diseases, 
non-Hodgkin's lymphoma (NHL), AML (acute myelocytic leukemia), acute 
lymphocytic leukemia (ALL), multiple myeloma, chronic myelocytic leukemia 
(CML) and chronic lymphocytic leukemia (CLL), B- and T-lymphomas, CNS 
20 lymphomas, gastrointestinal lymphomas, and cutaneous lymphomas. 

6. A method of treating a patient suffering from a tumor or a bacterial or viral 
infection comprising administering to said patient a drug inducing intracellular 
protein aggregation in a dose of 135-175 mg/m^ body surface. 

25 

7. The method of claim 6 wherein said drug is vincristine. 

8. The method of claim 6 wherein said drug is paclitaxel. 

30 9. The method of any one of claims 6 to 8 wherein said tumor is a malign tumor. 
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The method of claim 9 wherein said malign tumor is a tumor selected from the 
following: Colorectal, pancreas, melanoma, lung carcinoma (small and non- 
small), ovarian, kidney, mammary, head and neck, stomach, liver, 
oesophagus, prostata carcinomas, sarcomas, myeloproliferative diseases. 
non-Hodgkin's lymphoma (NHL). AML (acute myelocytic leukemia), acute 
lymphocytic leukemia (ALL), multiple myeloma, chronic myelocytic leukemia 
(CML) and chronic lymphocytic leukemia (CLL). B- and T-iymphomas. CNS 
lymphomas, gastrointestinal lymphomas, and cutaneous lymphomas. 

1 1 The method of any one of claims 6 to 10 further comprising the administration 
of heat in the range between > 37»C to AS'C for 1 to 12 hours to said patient. 



A pharmaceutical compos'ition comprising a drug inducing Intracellular protein 
aggregation in a dose of 135-175 mg/m^ body surface. 
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Figure 1B 
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Figure 2A 
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Figure 3A 
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Figure 4A 
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